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Proximity Detecting Apparatus 

Field of the Invention 

The present invention relates to proximity detecting apparatus and is 
5 concerned particularly with radio frequency proximity detecting apparatus that 
operate in the low radio frequency range. The present invention also relates to 
radio frequency transmitter and radio frequency receiver designs generally. 

Background of the Invention 

10 Identifying the relative or absolute location of an object has always been 

of interest, and historically it has been an almost essential part of survival. As a 
result, development of technical means for identifying location has always had 
momentum. More recently location based services (which deliver content based 
on a location) have become increasingly popular, so that location is now used in 

15 leisure applications as well as the traditional applications of security and 
survival. 

There is a myriad of methods for identifying the location of an object 
and corresponding means for performing those methods, and these can be 
broadly categorised according to range (distance to the object that you are trying 

20 to locate); whether or not bearing is required (actual location of the object 
relative to your location or relative to magnetic north); and accuracy required. 
In general, location detection systems are adapted to identify the location of 
objects located some distance away (in the context of security and survival, one 
would want to locate an enemy when the enemy is far away, rather than when he 

25 is close), which means that high frequency signals, which can propagate over 
significant distances, are preferably used. For example, mobile communication 
systems (including location finding) together with GPS (global positioning 
satellite) operate in the Ultra High Frequency (UHF) range. Although high 
frequency signals facilitate excellent temporal resolution of signals, they are 

30 subject to reflection from objects having a characteristic length greater than their 
wavelength, and to absorption by human bodies and trees and the like. In 
addition, received signals can destructively interfere at the receiver, causing a 
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problem known as fading. As a result a transmitted signal can arrive at the 
receiver having been reflected off one or more objects (this is known as multi- 
path propagation), or not at all. Thus the indicated direction can be completely 
erroneous or non existent. 

5 Whilst these problems can be reduced by employing several or more 

receivers, this increases the complexity and cost. Essentially, therefore, in order 
to provide accurate measurements of location at reasonable cost, high frequency 
systems require a clear line-of-sight between the antennas of the transmitter and 
receiver, which is difficult to achieve for most ground-based location 

10 determining systems. 

In addition to the GPS method mentioned above, examples of known 
location monitoring methods include "angle of arrival", "time of arrival", and 
"received signal strength indicator^' (RSSI). With the "angle of arrival" method, 
a receiver scans an area in order to identify location, in terms of an angle relative 

15 to the receiver, of a signal emitted by a transmitter. Angle of arrival methods 
typically utilize high frequencies, so as to avoid interference problems 
associated with low frequency signals, and thus suffer from the multi-path and 
obstruction problems described above; such a method is described in 
international patent application PCT/GB90/00077, publication number 

20 WO90/08060. The second method, "time of arrival", involves two or more 
receivers arranged to evaluate the time of arrival of a pulse emanating from a 
transmitter, from which the distance of the transmitter, relative to the two 
receivers, can be identified. In order to measure time accurately, the resolution 
of the pulse has to be fine, which means that such systems use high frequencies, 

25 and are subject to the reflection and absorption problems described above, so 
that the time of arrival can be the "time of arrival after experiencing several 
reflections" and thus highly inaccurate. The third method, "received signal 
strength indicator" (RSSI), evaluates the strength of the signal received, and, 
applying Maxwell's equation relating signal strength to distance, evaluates a 

30 distance relating thereto. Since this method is wholly dependent on signal 
strength, it is particularly sensitive to fading (where the signals received 
destructively interfere with one another) and can, on occasion, yield no signal 



wo 2005/020449 



3 



PCT/GB2004/003566 



Strength whatsoever. Applications utilizing RSSI to identify location are 
described in United States patent US 5,714,932 and United States patent US 
5,218,344. 

An object of the present invention is to provide an improved proximity 
5 detecting system. 

A further object of the invention is to provide improvements to 
transmitter and receiver designs generally. 

Summary of the Invention 

10 According to a first aspect of the present invention there is provided a 

radio frequency receiver for use in a proximity detecting system, the radio 
frequency receiver comprising at least one antenna coil operable to receive radio 
frequency signals; tunable receiver circuitry arranged in operative association 
with the antenna coil and being arranged to modify the frequency at which radio 

15 signals are received by the radio frequency receiver; and a signal processor 
arranged to amplify and filter signals received by the radio frequency receiver, 
wherein the radio frequency receiver is operable to receive and process radio 
signals of frequencies between lOOkHz and lOMHz. 

An advantage of operating in this low frequency range is that multi-path 

20 problems associated with high frequency systems, such as reflections from 
objects located between the path of the transmitter and receiver, are significantly 
reduced. A further advantage is that emissions from a low frequency transmitter 
remain as a near field transmission for distances of tens or even hundreds of 
metres from the transmitter (the extent of the near field depending on operating 

25 frequency). When operating within the near field of a transmitter, signal 
strength is proportional to the inverse cube of distance from it, allowing its 
range to be identified extremely accurately. In some circumstances (i.e. for 
some operating frequencies), this distance can be identified to within ±10 mm. 

Within the 100 kHz - 10 MHz range of operation, radio signals from 

30 loop antennas emanate primarily as a magnetic field, which, being a vector, has 
a direction in addition to a magnitude. The direction of the magnetic field varies 
in a non-uniform way, which means that, in order to measure the magnitude of 
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the signal strength at any given location, the magnetic field should be sensed in 
a plurality of orthogonal directions. When the coil comprises a circular loop, the 
magnitude of the magnetic field emanating therefrom assumes a prolate 
spheroid-like shape, and, for such a shaped antenna, the radio receiver 
5 preferably includes three coils. The tunable receiver circuitry is then selectively 
arranged to cooperate with each said antenna coil. 

Advantageously, in a first operating condition, the receiver circuitry is 
arranged to select each of the three antenna coils in accordance with a specified 
selection procedure, which, for example, could involve sequential selection of 

10 each antenna coiL The tunable receiver circuitry is arranged to cooperate with a 
selected coil, and the signal processing means is arranged to amplify and filter 
signals received firom the selected coil. Preferably the radio fi-equency receiver 
includes a processing system, which can evaluate a signal strength associated 
with signals received from each of the coils and combine the evaluated signal 

15 strength so as to evaluate a range between the transmitter and receiver. 
Preferably the receiver circuitry is arranged to operate in a second operating 
condition wherein none of the antenna coils is selected and the signal processor 
is arranged to amplify and filter radio signals in the second operating condition; 
the filtered and amplified signals corresponding to the second operating 

20 condition can then be used to modify the signal strengths evaluated in the first 
operating condition. 

Altematively the radio frequency receiver could comprise three 
receivers, each oriented along an axis orthogonal to that occupied by another 
receiver; this would then enable simultaneous measurements of magnitude of 

25 field strength along each axis. 

Preferably the radio firequency receiver is operable to selectively receive 
signals at a plurality of different firequencies. An advantage of having a variable 
fi-equency transmitter is that it provides a means of avoiding interference from 
man made noise, since such noise typically varies with time, frequency and 

30 location. Identification of a frequency selective sequence could be identified by 
the processing system arranged to evaluate correlation between processed 
signals. 
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Alternatively or additionally the radio frequency receiver is operable to 
identify a modulation pattern within a transmitted radio signal and compare the 
identified pattern with one or more predetermined modulation pattems. An 
advantage of configuring a proximity detecting equipment such that transmitted 
5 and received signals cooperate by means of a modulation signal is that the 
receiver can distinguish between valid transmissions and interfering signals such 
as man made noise. 

According to a second aspect of the present invention there is provided a 
radio frequency transmitter operable to transmit radio signals of frequencies less 

10 than lOMHz, the transmitter comprising an antenna circuit having a variable 
impedance and a frequency bandwidth associated therewith, the frequency 
bandwidth defining a frequency band within which the radio frequency 
transmitter is operable to transmit signals, wherein the antenna circuit is 
operable to modify the impedance so as to modify the magnitude of said 

15 frequency bandwidth, and to transmit a radio frequency signal having a 
frequency within said modified frequency bandwidth. 

Preferably the antenna circuit comprises a coil having a plurality of 
windings and tapping means for connection to said windings. The tapping 
means is arranged to vary the loss associated with the antenna circuit by 

20 connection to a set of the plurality of windings, thereby removing energy from 
the coil and reducing the Q factor of the coil. By reducing the Q factor of the 
antenna circuit the bandwidth thereof is increased, and this then enables the 
antenna circuit to transmit at the various frequencies. 

Conveniently the apparatus includes a direct current power supply, and 

25 said set of said windings is connectable to the power supply via a return path. 
Thus the energy that is removed from the coil is returned to the power supply 
via the return path. The antenna circuit can include a capacitor arranged in 
parallel with said power supply, so that the return path is connectable to said 
capacitor. Preferably the retum path includes a current direction controlling 

30 device such as a diode. 

Known methods of reducing the Q factor of tuned circuits include 
introducing a load resistor into the antenna circuit; arrangements of this second 



wo 2005/020449 



6 



PCT/GB2004/003566 



aspect of the invention are an improvement over such known methods since 
energy is not lost, but is instead fed back to the power supply. 

Further features and advantages of the various aspects of the invention 
will become apparent from the following description of preferred embodiments 
5 of the invention, given by way of example only, which is made with reference to 
the accompanying drawings. 

Brief Description of the Drawings 

Figure 1 is a schematic diagram showing a situation in which proximity 
10 detecting apparatus comprising a radio frequency (RF) transmitter and a radio 
frequency (RF) receiver according to the invention can be used; 

Figure 2 is a schematic diagram showing components of the RF 
transmitter of Figure 1 ; 

Figure 3 is a circuit diagram showing, in more detail, components of the 
15 RF transmitter of Figure 1 according to a first arrangement; 

Figure 4 is a circuit diagram showing further details of the RF 
transmitter of Figure 1 according to the first arrangement; 

Figure 5 is a schematic circuit diagram showing a conventional lossy 
antenna circuit; 

20 Figure 6 is a schematic circuit diagram showing the components of the 

RF transmitter of Figure 1 according to a second arrangement; 

Figure 7 is a schematic diagram showing components of the RF receiver 
of Figure I; 

Figure 8 is a flow diagram showing steps performed by the RF receiver 
25 of Figure 1 when identifying the range between the child and guardian shown in 
Figure 1 ; and 

Figure 9 is a flow diagram showing further steps performed by the RF 
receiver of Figure 1. 
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Detailed Description of the Invention 

Embodiments of proximity detecting apparatus according to the 
invention will now be described for an example scenario in which the degree of 
proximity between a child and a guardian is monitored by equipment associated 

5 with the guardian. Referring to Figure 1, the child 1 and guardian 3 are located 
in a crowded area comprising obstacles, several doorways and passageways 
(shown collectively as part 5 in Figure 1). The child 1 is equipped with a radio 
frequency (RF) transmitter 11 and the guardian is holding a radio frequency 
(RF) receiver 13. The components and operation of the RF transmitter and RF 

10 receiver 11, 13 will be described in detail below, but in overview, the RF 
transmitter 1 1 transmits low frequency signals either constantly or in response to 
an external input. The signals so transmitted are received by the RF receiver 13, 
which comprises one or more antenna coils and measures the output from each 
coil, then amplifies, mixes to an intermediate frequency for filtering and 

15 determines the amplitude of the signal corresponding to each coil. Once the 
signals from each coil have been processed the magnitude of the magnetic field 
is computed therefrom, thereby providing a means of identifying a range 
between the RF transmitter 11 of the child 1 and the RF receiver 13 of the 
guardian 3. 

20 As stated above, embodiments of the invention operate in the low 

frequency RF range, that is to say less than 10 MHz, and preferably within the 
following bands: 

• 9-148.5kHz 

• 240-3 ISkHz 
25 • 3.155-3.4MHZ 

• 6.765.6.795MHz 

• 7.4-8.8MHZ 

As is known in the art, the advantage of operating in the low frequency RF 
range is that, rather than being reflected by obstacles and the like, the radio 
30 waves propagate through such obstructions. This means that, whereas high RF 
signals arriving at the receiver 13 are likely to have arrived via several paths 
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(commonly referred to as multi-path problems), the low radio frequency signals 
received by the RF receiver 13 are far more likely to have traveled directly from 
the RF transmitter 1 1 . Thus multi-path problems that are experienced at high 
frequencies are significantly reduced. 
5 As is also well known, emissions from low frequency devices remain in 

the near field for much greater distances from their source than do emissions 
from high frequency devices. For example, low frequency emissions at IMHz 
remain in the near field for distances up to approximately 50m from the source 
whereas at UHF, emissions at 400MHz remain in the near field only for 
10 distances up to 12cm. In the near field. Maxwell's equations indicate that signal 
strength is proportional to the inverse cube of distance from the transmitter, 
which bounds the effective area of operation. Since signal strength is 
proportional to the inverse cube of distance from the transmitter, a small change 
in distance yields a large change in signal strength, which means that range can 
15 be identified far more accurately than is possible using higher frequency devices 
over useful (i.e. 0 - 10m) distances. 

In this example scenario, where a guardian 3 is tracking the nearness of a 
child 1 in a crowded area (e.g. a shopping precinct), there is Ukely to be a 
significant amount of background noise and interference, which is transmitted 
20 from electronic equipment such as monitors, terminals and the like, and is in the 
low frequency range. Thus although low frequency signals take a more direct 
route between transmitter and receiver than that which would be taken by high 
frequency signals, a receiver operating at low frequencies is likely to receive a 
farrago of background noise and interference in addition to any signals 
25 emanating from a transmitter. This makes it difficult for the receiver to know 
whether it has received a wanted transmission or noise or interference. 

One solution to this problem, as presented in embodiments of the 
invention, is to transmit data signals at a plurality of low frequencies in 
accordance with a predetermined frequency hopping pattern. In order to process 
30 such signals the RF receiver 13 is then configured to identify a frequency 
hopping pattern and to lock into the identified pattern (described in detail 
below). Once a frequency hopping pattem has been identified, signals received 
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by the RF receiver 13 at the identified frequencies in the pattern can, with some 
degree of certainty, be considered to contain signals transmitted by the RF 
transmitter 11. 

Another solution to this problem is to transmit signals at a high power 

5 and set an upper amplitude threshold in the receiver, which acts to filter out 
certain low-power and typically noise related signals; yet another solution is to 
characterize the environment within which the proximity detecting apparatus is 
to be used and to avoid frequencies that are known to contain noise. This latter 
solution is likely to be well suited to well defined environments such as a 

10 building site or a dock yard, but not so well suited to environments such as 
shopping malls, the railway network and the like where the occupants and 
devices associated therewith change over time and distance. 

Yet another possibility involves adding a modulation pattem on a 
transmitted signal and preconfiguring the receiver to recognise the modulation 

15 pattem. The modulation pattem can include a digitally modulated sequence of 
symbols such as a 1-0-1-0 repeating sequence or alternately be a sequence of 
symbols that forms a unique data word. When signals are received, amplified 
and filtered, the output is examined for the presence of a modulation pattem, 
and, if such a pattem is found, it is then compared with the preconfigured 

20 patterns. This method could be used in addition, or as an alternative, to the 
frequency hopping solution, so as to provide a means of validating a 
transmission. 

In the embodiments described below the radio frequency transmitter and 
radio frequency receiver are both adapted to utilise frequency hopping but the 
25 skilled person will appreciated from the foregoing that this is a preferred, and 
not essential, aspect of the invention. 

The RF receiver 13 will be described in detail later, but firstly aspects of 
a preferred design of the RF transmitter 1 1 will be described, with reference to 
Figure 2. This design is "preferred" because it provides a convenient way of 
30 enabling signals to be transmitted over a range of different frequencies, and is 
thus particularly well suited to the frequency hopping aspect of the invention. 

The transmitter 11 comprises a variable frequency generator 15, a driver 
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circuit 17 and a field generation coil 19, the latter of which acts as an antenna 
for the RF transmitter 11. The variable frequency generator 15 can be provided 
by a direct digital synthesizer (DDS), which is a commercial off the shelf 
(COTS) programmable device configured to output a specified waveform (e.g. 

5 sine, square or triangular wave) at specified firequencies. The driver circuit 17 is 
arranged to create an alternating current of sufficient magnitude that a 
sufficiently high magnetic field is produced and transmitted via the coil 19. 

Referring now to Figure 3, in a first arrangement, the driver circuit 17, 
hereinafter referred to as an antenna circuit, comprises a capacitor 31, a coil 33 

10 comprising a plurality of windings, and tapping means 35 for connection to the 
windings (point of connection shown in Figure 3 as tapping point 301). The 
capacitor 31 and coil 33 are arranged in series, and receive current from a 
battery 37 via switching devices 39 (it should be noted that in this representation 
coil 19 shown in Figure 2 is the coil 33 shown forming part of the antenna 

15 circuit 17). The switching devices 39 transform direct current (dc) into 
alternating current (ac) at a frequency that is determined by the operating 
frequency of the DDS. Referring to Figure 4, the battery 37 can be a 3 Volt 
battery configured in parallel with a power rail decoupling capacitor 38, which 
decouples the battery 37 from the antenna circuit 17. 

20 Conventional antenna circuits comprise a coil and a capacitor, have a 

very narrow band response centered around a resonant frequency (fo) (fo being 
dependent on the reactance of the capacitor (Xc) and reactance of the inductor 
(Xl)), and only work within the extents of this narrow frequency band; such 
circuits are said to be tuned and frequency selective. One way of describing the 

25 extents of the frequencies over which the circuit responds is via a bandwidth 
which defines the range of frequencies within which the power output by 
the transmitter has halved, relative to the power output at the resonant frequency 
(known as the -3dB bandwidth). 

This property is exploited in filters as well as in tuned circuits, where the 

30 goal is to remove all signals save those within the narrow band. As is well 
known in the art, the impedance of a series tuned circuit is given by equation 
(1). 
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Z-R + KX^^-Xc) (1) 

For series circuits operating at the resonant frequency /o, then Xl = Xc 
and the impedance (Z) becomes purely resistive (R). This resistance is in fact 
what limits the magnitude of the response at resonance; if the resistance were 
5 zero then the current flowing through the coil, and thus the response, would be 
infinite. The -3dB bandwidth of the response is also related to resistance - for 
antenna circuits having higher resistance, the magnitude of the response at 
resonance is reduced, but the bandwidth is increased, which means that the 
operating band of the antenna circuit is increased. 
10 A parameter known as Q, defined as: 

Q = ^ (2) 

is used to describe the dependence of bandwidth and selectivity on loss 
associated with the antenna circuit (associated with reactance and resistance of 
the coil), and the -3dB bandwidth relative to the peak (at resonance), df, of the 
1 5 antenna circuit is given by: 

^ = ^ (3) 

From equation 3 it can be seen that the higher the Q factor (i.e. the lower 
the loss), the more selective and the narrower the bandwidth of the antenna 
circuit, whilst the lower the Q factor (i.e. the higher the loss) the less selective 

20 and the wider the bandwidth of the antenna circuit. It will thus be appreciated 
that one way of increasing the bandwidth and reducing the selectivity of the 
antenna circuit is by increasing the resistance of the antenna circuit. However, 
whilst increasing the resistance of the antenna circuit by placing a resistive load 
in the circuit increases the bandwidth, it does so at a cost, since resistive loads 

25 consume energy for battery powered transmitters. In practical applications, such 
a loss is unacceptable. 

In this first arrangement the resistance of the coil is instead increased by 
the inclusion of the tapping means 35, which is connected to one of the windings 
of the coil and provides a return path 41 back to the power supply. Preferably a 

30 diode 43, or some other type of current direction controlling device (e.g. a 
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transistor appropriately configured), is located in the return path 41 . Thus in this 
arrangement, energy removed from the coil 33 is returned to the power rail 
capacitor 38 rather than (as is the case with use of a resistive load) being 
dissipated as heat. 

5 When a coil 33 is tapped, as shown in Figures 3 and 4, it effectively 

becomes a voltage divider comprising 2 coils, LI and L2, each of which has a 
number of turns Ni, N2. The power rail capacitor 38 is charged with a voltage 
of Vs, and, since the return path 41 is connected thereto, the peak-to-peak 
voltage in the return path 41 (marked as Va) for an input voltage Vs, is 2Vs (This 

10 assumes the barrier voltage of the rectifying device is small enough to be 
neglected compared to Vs), Therefore, by applying basic autotransformer theory 
(VbA/^a = (Ni+N2)/Ni = n) the peak-to-peak voltage in the tuned circuit (marked 
as Vb) is: 

VB = 2Vsn (4) 
15 This means that the multiplication of voltage in the tuned circuit (i.e. 

between the capacitor 31 and the coil 33) is: 

VbA/' power supply = 2VsnA^s = 2n (5) 
The Q factor of this arrangement can be identified by evaluating a 
conventional lossy antenna circuit that includes a resistive load; such an 
20 arrangement is shown in Figure 5, with the load resistor (R) being indicated as 
part 501. At resonance, the sinusoidal current, I, flowing through all 
components I = Vs/R (peak-to-peak). Applying Ohms Law to individual 
reactance values leads to Vb = I.Xl = 2.7r.fo.L.Vs/R, where f© is the frequency of 
the sinusoidal current. Since Q = 2.ir.fo.L/R, 
25 Vb = Vs.Q (6) 

Since the circuits shown in Figures 3 and 5 are equivalent (in that, in 
both cases, the resistance of the antenna circuit has been increased either 
indirectly or directly), the expressions of Vb are equivalent. Equating equation 
(4) with equation (6): 
30 Q = 2n 

Thus the equivalent Q factor of the circuit shown in Figure 3 is double 
the turns ratio (n) between LI and L2. Inserting this value of Q into equation 
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(3), the bandwidth is now given by: 

^--^^ 

Turning back to Figure 4, it will be appreciated from the foregoing that 
an increase in bandwidth is accompanied by a corresponding decrease in 
5 circulating current Ic in the antenna circuit 17, and thus a decrease in magnetic 
field generated by the coil 33. As a result the signal strength transmitted by the 
transmitter can be expected to be lower than is the case for tuned circuits having 
a high Q factor. One way of increasing the signal strength is to increase the 
amount of drive current Id fed into the antenna circuit 17, since this will, in turn, 

10 increase the magnitude of the circulating current Ic, The drive current Id output 
by the switching devices 39 is dependent, at least in part, on the Q factor of the 
antenna circuit, which means that a decrease in Q factor causes the switching 
devices 39 to draw more current from the power supply (here battery 37 in 
conjunction with power rail decoupling capacitor 38). This increase in drive 

15 current Id raises the magnitude of the circulating current \ such that a 
sufficiently high magnetic field, and signal strength, is generated by the coil 33. 

It will be appreciated that the feature of returning energy from the coil 33 
to the power rail decoupling capacitor 38 is particularly beneficial since, in the 
absence thereof, the battery would be drained in a shorter period of time than 

20 would be the case for a tuned circuit having a high Q factor and narrow 
bandwidth. 

An alternative arrangement of the antenna circuit 17 is shown in Figure 6 
and comprises a transformer having a first coil 611 and a second coil 63, 
wherein the second coil is connected to the tapping means 35 and is tapped at 
25 tapping point 601. A yet fiirther possible arrangement could include an 
arrangement of two fixed capacitors in series in place of the single capacitor 31. 

The foregoing arrangements are concerned with antenna circuits wherein 
the components are arranged in series, and the skilled person will appreciate that 
parallel tuned circuits can similarly be modified so as to transmit a plurality of 
30 different frequency signals. Since the reactance of the coil and the capacitor 
making up the antenna circuit 17 are combined to create very low impedance in 
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series circuits, and in parallel circuits they are combined to create very high 
impedance, the selection of circuit type (parallel or series) will depend on 
operating requirements. 

It will also be appreciated that, although the tapped coil arrangements 
5 have been presented in the context of proximity detecting apparatus, the antenna 
circuits presented in Figures 3, 4 and 6 are novel in their own right, and are not 
limited to low frequency operation. 

Turning now to Figure 7, aspects of the RF receiver 13 will be described. 
As described above, the function of the receiver 13 is to identify and extract, 
10 from the medley of signals in the vicinity of the receiver 13, those signals 
transmitted by the RF transmitter 11, and to measure the amplitude of the 
extracted signals in order to identify the distance between the receiver 13 and 
the transmitter 11. 

In this preferred embodiment the receiver 13 includes three coils 71, 73, 

15 75, each mounted orthogonally with respect to one another so as to receive 
signals along each of the principal axes of a magnetic field; preferably each of 
the coils 71, 73, 75 is ferrite loaded, so as to reduce their physical size. The 
receiver 13 comprises receiver circuitry that is based on the well known 
superheterodyne architecture and includes: an RF amplifier 701, which has a 

20 tuned circuit adapted to select RF signals failing within a specified range and an 
amplifier adapted to amplify the selected signals; a frequency mixer 703 for 
mixing the amplified signals with signals generated by a local oscillator 705 so 
as to output signals of an intermediate frequency (IF); an IF amplifier 707 for 
amplifying and filtering the IF signals; a rectifier 709; a demodulator 710 for 

25 extracting a modulation pattern from a amplified and filtered signal (optional); 
an A-to-D converter 711; and a processing system 713. Components 701, 703, 
707, 709, 710, 71 1 make up the receiver circuitry. The IF is preferably 10 kHz, 
which means that the frequency of the local oscillator 703 is set at a 10 kHz 
offset from the frequency of wanted data signals received by the RF amplifier 

30 801. 

In addition to processing signals that have passed through the receiver 
circuitry, the processing system 713 can be arranged to modify the frequency of 
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operation of the local oscillator 705 and to select between the three coils 71, 73, 
75. The function of parts 701, 703, 707, 709 and 710 is conventional and will 
not be described in any further detail. However, the functionality of the 
processing system 713, in relation firstly to processing signals received by a 

5 plurality of antenna coils at low frequency and secondly in relation to the 
frequency hopping aspects of the invention, and will be now be described in 
more detail. (For further details of the superheterodyne receiver architecture the 
reader should refer to Chapter 5 of "Basic Radio: principles and technology" by 
Ian Poole, ISBN 0750626321). 

10 For the purposes of describing how the processing system 713 processes 

signals received from the coils 71, 73, 75, it will be assumed that signals are 
transmitted at a predetermined frequency (determined, for example, with regard 
to the environment in which the proximity detecting system is operating). For 
the purposes of describing how the processing system 713 processes signals 

15 transmitted in accordance with a frequency hopping pattern, it will be assumed 
that signals are transmitted at a plurality of different frequencies (so that, for 
example, the transmitter 1 1 could be a device of the form described above with 
reference to Figures 2 - 6). 

Turning firstly to operation of the processing system 713 when 

20 processing signals received by antenna coils 71, 73, 75, the processing system 
713 can be programmed to control the frequency of operation of the local 
oscillator 705, thereby locking into the frequency at which signals are being 
transmitted (the receiver 13 having previously been notified of this frequency). 
Accordingly, at step 801 the processing system 713 sets the frequency of the 

25 local oscillator 705 and then connects (steps 803a, 803b, 803c), in turn, to the 
first, second, third coils 71, 73, 75. For each coil, the processing system 713 
stores signals that are received and processed by the receiver circuitry. Having 
received signals from each coil, the processing system 713 can switch off the 
coils in order to measure (step 803d) a reference signal (the reference signal 

30 being used to compensate for temperature-dependent gain variations of the 
receiver circuitry). 

At step 805 the stored signals are processed in order to identify their 
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respective amplitudes (amplitude is derived, in a known manner, from the 
voltage levels associated with the received signals), and the amplitudes from 
each coil are then adjusted for gain variations (step 807, for example by means 
of the reference signal evaluated at step 803d). The resultant signals a, b and c 
5 (each corresponding to a respective coil) are then processed (step 809) to 
determine the magnitude A of the resultant vector, which represents the strength 
of the magnetic field at the receiver 13. A suitable algorithm for calculating A 
is given by: 

A = (a^ + b^ + z^f' (8) 
10 Whilst evaluating the vector according to equation (8) provides an 

extremely accurate measure of the magnitude of the signal strength, the 
evaluation is dependent on processing system 713 being configured with a 
certain minimum amount of processing capability; for apphcations where a 
slightly less accurate indication of range will suffice, an alternative and 
15 somewhat simpler algorithm can be used, in which the strength of the magnetic 
field is taken to be the largest of the readings from the three antennas: 
A = max{a,b,c} (9) 
This algorithm is preferable for use in low budget proximity detecting 
apparatus. The range R can be calculated from the magnitude A by a look-up of 
20 a closest match in a mapping table and/or by using an appropriate mapping 
fiinction. The values in the mapping table and/or the form of the mapping 
function can be obtained by a calibration process during a design stage. 

Thus far the location of the receiver has been obtained in terms of a 
range from the transmitter but with no information on direction from the 
25 transmitter. To obtain fiiU positional location, triangulation can be employed, in 
which signals from a plurality of transmitters at known locations are received by 
the receiver and compared against a mapping table within the receiver. The 
output of the mapping table can be evaluated to produce an estimate of the 
position of the receiver relative to the known positions of the transmitters, from 
30 which a bearing in addition to range can be identified. 

The output signals from each transmitter are initially calibrated, so that 
signal strength at, e.g. 1 m, is known. A suitable caUbration process, from 
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which a mapping table can be derived, might include: selecting the transmission 
from a first transmitter; measuring a, b, & c; and calculating A (the received 
signal strength from the first transmitter). In view of the fact that signal strength 
varies as the inverse cube with distance and knowing a reference signal strength 
5 from the transmitter at, say, Im, the distance from the first transmitter can then 
be calculated. This process is then repeated for each other transmitter, and once 
respective values of A have been calculated, the point at which the distances 
intersect is calculated. It is assumed that the location of each transmitter is 
known, so that intersection points can be identified e.g. by drawing circles, each 

10 being centered on one of the transmitters and having a radius equal to the 
distance calculated from the received signal strength. Each position calculated 
in this manner is stored for the respective values of signal strength and distance. 
Preferably the look up table is configured for a particular application; for 
example, when configured in a library for the purposes of enabling potential 

15 readers, each equipped with a receiver, to locate a book, the look up table could 
decide that if the receiver is 3m from transmitter 1 and 5m from transmitter 2, 
then the reader is in the fiction section of authors beginning with G, 

In an alternative arrangement, the signal from a single transmitter can be 
received by a plurality of interconnected receivers that are positioned at known 

20 locations. The output of each receiver would then be evaluated to produce an 
estimate of the position of the transmitter relative to the known positions of the 
receivers. 

It should be noted that, if the transmitted signal has a polarization which 
is in concordance with the polarization of an antenna coil, the range could be 

25 identified using one coil only. Since this will not, however, always be the case, 
it is preferable to use at least two, and more preferably three, coils to identify the 
range. Moreover it will be appreciated that in some positions the field will only 
need to be sensed in one or two directions, and that, in such cases, three coils are 
not required. However, the use of three coils advantageously allows for all 

30 orientations of the transmitter and receiver. 

Tuming now to the aspect of processing signals transmitted on a 
plurality of different frequencies, conveniently the local oscillator 705 is derived 
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from a DDS module, which is operable to receive instructions from the 
processing system 713 and modify its operating frequency in accordance 
therewith. Since frequency selection on the part of the DDS is dependent on the 
frequency hopping pattern utilized by the transmitter 11 , the processing system 

5 713 firstly has to identify the pattern and then program the DDS accordingly. 
The processing system 713 is accordingly configured, either in software or 
hardware, with means for identifying this pattern, and the functionality 
associated therewith will now be described with reference to Figure 9, which is 
a flow diagram showing steps involved in this identification. 

10 At step 901, the processing system 713 connects to the first coil 71 so 

that the receiver circuitry is only processing signals received by the first coil 71. 
At step 903, the processing system 713 modifies the frequency of operation of 
the local oscillator 705, and thus the frequency of reception of the receiver, to 
scan across a range of frequencies. The signals received at each of the scanned 

15 frequencies are amplified and filtered by the receiver circuitry and processed by 
the processor 713. The scanning step is repeated several times over a 
predetermined time period and patterns in the received signals are identified 
(step 905) by means of, e.g. evaluating the correlation between successively 
received signals. This can be repeated for the other two coils 73, 75, until a 

20 valid hopping pattern has been identified. If the orientation of the receiver is 
such that the first coil 71 is in a null, then it will not receive the transmission and 
thus be unable to identify the hopping pattern. Under such circumstances it will 
be necessary to test the second 73 (and possibly third 75) coil to try and identify 
a pattem. Clearly, if the hopping pattern is identified from the first coil 71, then 

25 there is no need to repeat the identification process using the second and third 
coils 73, 75, and the processing system 713 can progress to measure the signal 
level, as described below. 

Once the frequency hopping pattem has been identified, the processing 
system 713 can program the frequency of operation of the local oscillator 705 

30 (and hence the frequency of reception) to lock into the hopping pattem. 
Accordingly, at step 907, the processing system 713 sets the frequency of the 
local oscillator 705 to one of the frequencies in the hopping pattem and then 
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connects (steps 809a, 809b, 809c), in turn, to the first, second, third coils 71, 73, 
75, as described above in relation to Figure 8. Accordingly for each coil, the 
processing system 713 stores signals that are received and processed by the 
receiver circuitry. Having received signals from each coil, the processing 
5 system 713 switches off the coils and measures (step 803d) a reference signal 
(the reference signal being used to compensate for temperature-dependent gain 
variations of the receiver circuitry). All four measurement steps (803a - 803d) 
have to be performed before the transmitting frequency changes (the time period 
associated with the frequency hopping pattern having been established by the 
10 processing system 713 at step 905), and steps 805 onwards then progress as 
described above. 

Whilst in the foregoing embodiments the receiver architecture is 
described as being that of a superheterodyne receiver, it could alternatively be 
zero-IF, low-IF or regenerative; in particular, if the receiver were implemented 
15 as an integrated circuit, the implementation would most likely use zero-BF or 
low-IF. 

Whilst in the foregoing embodiments the processing system 713 and 
receiver circuitry 701, 703, 705, 707, 709, 710, 711 are arranged to process 
signals received from all 3 coils, the receiver 13 could altematively comprise 3 

20 separate sets of receiver circuitry (one for each coil). This would allow signals 
received by each of the coils to be processed in parallel rather than sequentially 
and would have advantages in terms of reduced measurement time at the 
expense of increased complexity. 

The processing system 713 can additionally comprise means for 

25 comparing the identified signal strength against one or more predetermined 
thresholds which might, for example, correspond to a particular distance 
between the receiver and transmitter (or boundary, which, when the transmitter 
coil 33 comprises a circular loop, will be near spherical, and when the 
transmitter coil 33 comprises a rectangular loop having a high length to width 

30 ratio, the magnitude of the magnetic field becomes cylindrical along an axis 
extending in a direction parallel to the length of the antenna, with hemispheres 
at either end of the cylinder). This then provides a means of identifying whether 
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the receiver is inside or outside of the boundary. In some arrangements the 
receiver could also include, or be in operative association with, an alarm system. 
This feature would be particularly useful for applications where it is important 
that the receiver remains within the boundary - e.g. location of briefcase relative 
5 to owner - since the alarm could be triggered as soon as the amplitude drops 
below the threshold. In applications where it is important that the receiver 
remains outside the boundary - e.g. in a hazardous area of a construction site — 
the alarm could be triggered when the received magnitude rises above the 
reference level. The skilled person will appreciate that many such thresholds 

10 could be set. 

Whilst the above embodiment is presented in the context of tracking the 
location of a child, by a guardian, many other short range applications of the 
proximity detecting apparatus are possible. For example, proximity detecting 
apparatus according to the invention could be used in hazardous areas such as 

15 construction sites, sites attended by the emergency services (e.g. a building on 
fire) and on boats, where visibiUty of personnel is poor; in hospitals and health 
care facilities; in gaming scenarios; and for locating objects (e.g. objects mislaid 
around the house or office). Other applications are envisaged. 

It will be appreciated that operation of the RF receiver 13 is completely 

20 independent of the configuration of the RF transmitter 11, meaning that the 
means by which a frequency hopping pattern is established and signals 
corresponding to the frequencies are transmitted has no bearing on the operation 
of the receiver 13. 

It will be understood that the present disclosure is for the purpose of 
25 illustration only and the invention extends to modifications, variations and 
improvements thereto, and that any elements of the different embodiments may 
be combined to form further embodiments of the invention. 



